Misfolding and premature degradation of CFTRF508 is the major cause of Cystic Fibrosis. Components of the ubiquitin-proteasome system function on the surface of the endoplasmic reticulum to select misfolded proteins for degradation.
Introduction
Proper folding and interdomain contact formation between membrane and cytosolic sub-domains of CFTR is critical for channel activity (1-3). CFTR synthesis takes around 10 min and affords chaperones and ER quality control factors sufficient time in which to monitor the progression of CFTR folding intermediates (4). However, CFTR folding is a relatively inefficient process with approximately 70-85% of wild-type and 99% of the F508 mutant being partitioned from a folding to the ubiquitinproteasome degradation pathway (5).
The attempt to fold CFTR into a native conformation that is no longer recognized by the ER quality control machinery involves the cooperation of both ER-localized and cytosolic chaperones. The Hdj-2/Hsp70 chaperone pair mediates early or cotranslational folding of CFTR sub-domains (4). Calnexin's contribution to CFTR folding involves facilitating proper interactions between the membrane and cytosolic domains of CFTR (6). Terminal folding steps of CFTR folding appear to be mediated by Hsp90 and its co-factors (7, 8).
Selection of nascent forms of CFTR and CFTRF508 for proteasomal degradation is also facilitated by molecular chaperones. Misfolded forms of CFTR are recognized by at least two ER quality control complexes. The ER quality control factor Derlin-1, the E2 Ubc6e, and the E3 ligase RMA1 form an ER-localized complex that may act co-translationally to recognize folding defects in CFTR involving the misassembly of its amino-terminal regions (6, 9). In contrast, a cytosolic complex composed of Hsp70, the E2 UbcH5a, and the E3 ubiquitin ligase CHIP appears to act post-translationally to recognize misfolded regions of CFTR that include NBD2 (4, 10, 11). Other co-factors, including Gp78, BAP31, and p97, are then responsible for delivering the selected misfolded forms of CFTR to the proteasome (12-14).
Herein we describe an experimental system that employs transiently transfected HEK293 cells to study the biogenesis of CFTR and its folding mutants. Biochemical methods to analyze CFTRs steady state levels by western blot and folding/degradation kinetics by pulse chase studies are described. Also detailed is a protocol for depletion 3 of ER quality control factors. In addition, we describe a method for detection of interactions between CFTR and chaperones or ER quality control factors. 4. Pellet the cells by centrifugation at 3000g for 2 min. Aspirate supernatant. Cell pellets can either be placed on ice prior to lysis or frozen in liquid nitrogen for storage and later lysis.
Materials

General Reagents
Analysis of CFTR and CFTRF508 folding and degradation in HEK293 cells
Pulse chase analysis
Pulse chase experiments are used to analyze the folding efficiency of CFTR folding and the rate of CFTRF508 degradation (Fig. 1 ). 11. Pellet the Protein G beads by centrifugation at 1500g for 2 min at 4ºC.
12. Aspirate off the supernatant being careful not to disturb the beads. Resuspend the pelleted beads with 500 l cold PBS-Tr (1%) and transfer to a new 1.5 ml microcentrifuge tube. Changing the tubes helps to get rid of any radio-labeled proteins that may be stuck to the sides of the microcentrifuge tube.
13. Pellet the Protein G beads again, remove the supernatant, then resuspend and wash the pelleted beads two times with 500 l cold PBS-Tr (1%) supplemented with 0.2% SDS. After the last wash, aspirate off the buffer and remove all remaining buffer from around the Protein-G beads using a Hamilton syringe.
14. To each pellet add 15 l 2X SB and heat samples at 55 ºC for 10 min.
15. Pellet the Protein G beads by centrifugation at 1500g for 1 min at room temperature. Load all of supernatant using a Hamilton syringe onto a 7% SDS-PAGE gel.
16. Electrophorese the samples by applying a constant voltage of 120 V for 70 min.
After electrophoresis, fix and stain the protein in the gel by incubation in SDS-
PAGE gel stain for 5 min.
18. Remove the stain, rinse the gel with distilled water, and then soak the gel with SDS-PAGE gel destain until protein bands on the gel are clearly visible.
19. Rinse the gel with distilled water and then soak the gel in 0.5 M sodium salicylate for at least 20 min (see Note 4).
20. Rinse the gel with distilled water and place it on a wet piece of Whatman paper to be dried on a slab type gel dryer for 1 h at 80ºC.
21. Expose dried SDS-PAGE gel to X-ray film for 1-3 days at -80ºC. Develop the film with a processor.
Analysis of CFTR levels by Western blot
Steady-state levels of transiently transfected CFTR and CFTRF508 in HEK293 cells can be determined by Western blots (Fig. 1 ). 10. Rinse membrane with PBSTrX-100 a few times to remove excess block solution.
Transfect
11. Incubate the membrane with -CFTR MM13-4 primary antibody at a 1:1000 dilution in PBSTrX-100 supplemented with 3% BSA and 0.2% sodium azide. The nitrocellulose membrane and primary antibody solution should be incubated on a shaker for minimally 1 h at room temperature or overnight at 4ºC.
12. Wash the membrane with PBSTrX-100 3 x 5 min on a shaker.
13. Incubate the membrane with goat anti mouse sera conjugated to horseradish peroxidase (Bio-Rad) that is diluted 1:3000 with PBSTrX-100 and 1% non-fat dry milk on a shaker for 60 min at room temperature.
14. Wash the nitrocellulose membrane 3 x 5 min with PBSTrX-100 on a shaker.
15. Incubate the membrane with Enhanced Chemiluminescent Reagent (GE Healthcare). Wrap the membrane in saran wrap, expose membrane to X-ray film, and develop the film. Exposure times may vary to observe a signal in the linear range thus we typically take a few exposures usually between 30 s to 2 min.
Impact of ER quality control factors on CFTR biogenesis
The fate of CFTR and CFTRF508 is dependent on ER quality control factors.
Modulation of the levels of known quality control factors allows us to assess how each protein impacts the folding of CFTR. Here we describe the general procedure for depleting endogenous quality control proteins, using the RMA1 E3 ligase as an example (Fig. 2 ).
1. Prepare HEK293 cells for transfection as described in Subheading 3.1.1. During this incubation remove media from cells in 35-mm wells and replace with 2 ml DMEM supplemented with 10% FBS but lacking antibiotics (no penicillin or streptomycin). Add 500l of the combined tube A and B mixture to each well. We have found that using a final total concentration of 100 nM with the RMA1 siRNA oligos is sufficient to obtain greater than 90% knock-down of endogenous RMA1 levels.
3. Incubate the cells with the transfection mixture for 4-5 hr at 37 ºC and 5% CO 2 .
Replace the transfection mixture with DMEM supplemented with FBS and antibiotics.
4. Twenty-four hours post-transfection, remove the media and wash the cells with 1 ml PBS. 7. Add 30 l of 50% Protein G-agarose slurry to each sample and rotate for 30 min. 
Notes
1. Transfection efficiency is dependent on the quality of the DNA expression constructs. We suggest using Qiagen reagents to obtain high-quality plasmid DNA. Expression can vary between different preparations of the same plasmid; therefore, we also recommend preparing a large quantity of the expression plasmid of interest and to use the same material for each experiment. 
